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INTRODUCTION

American canine hepatozoonosis (ACH) is an emerging dis-
ease of dogs (Canis familiaris) in the south-central and south-
eastern United States. It is a highly debilitating, tick-borne
malady that is spread not by the bite of ticks but by dogs
ingesting infected ticks. When first discovered in the Gulf
Coast region in the late 1970s, it was mistakenly thought to be
an Old World canine disorder caused by Hepatozoon canis. In
the 1990s, veterinarians and veterinary medical researchers
came to realize that the New World malady was decidedly
more pathogenic than classical canine hepatozoonosis caused

by H. canis (39, 53, 54, 55, 63). This realization, coupled with
other incongruities between the two disorders, led to studies
that resulted in the description of a new species, H. america-
num (62). The species was recognized in 1997, and the disease
and its transmission pattern have been characterized, including
discovery that the Gulf Coast tick, Amblyomma maculatum, is
an excellent vector (21, 41). It has been posited that H. ameri-
canum crossed the species barrier into canids from unknown
vertebrates only recently whereas H. canis apparently has a
long history of association with dogs (4). The endemic cycle of
H. americanum remains unknown, and it is unclear where ticks
acquire infection or under what circumstances dogs are ex-
posed to infected ticks. We speculate that they become in-
fected either through grooming infected ticks from their coats
or from ingesting such ticks accidentally as they maul or eat
prey that harbor the ticks.

* Corresponding author. Mailing address: 250 McElroy Hall, Okla-
homa State University College of Veterinary Medicine, Stillwater, OK
74078. Phone: (405) 744-8177. Fax: (405) 744-6633. E-mail: saewing
@okstate.edu.
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BIOLOGY OF THE ETIOLOGICAL AGENT

Phylogenetic Standing of the Genus Hepatozoon

The Hepatozoon species belong to the phylum Apicomplexa
and have many features in common with other genera in this
large group of parasitic protozoans. Formerly a part of the
family Haemogregarinidae, Hepatozoon is a large genus com-
prising about 300 species that is now assigned to the family
Hepatozoidae of the suborder Adeleorina (6, 7, 59). At least 46
species are found in mammals, and more than 120 are found in
snakes. These apicomplexan parasites are spread to vertebrate
intermediate hosts by hematophagous invertebrates that are
definitive hosts and simultaneously also vectors. Like relatives
such as Plasmodium spp. and Babesia spp., which inhabit eryth-
rocytes in the bloodstream of vertebrates, many Hepatozoon
spp. (especially of snakes) are found in erythrocytes (59). Most
species that parasitize mammals, including H. americanum and
H. canis, inhabit leukocytes and utilize acarines as definitive
hosts or vectors. Exceptions include Hepatozoon balfouri, a
highly pathogenic parasite of jerboas (rodents of the genus
Jaculus), which is found in erythrocytes; the definitive hosts of
this species are laelapid mites (25). Unlike numerous parasites

that are spread by the bite of arthropods, Hepatozoon spp. are
acquired when the vertebrate host ingests the infected inver-
tebrate (Fig. 1).

Discovery of Canine Hepatozoonosis in the United States

The first reported naturally occurring Hepatozoon infection
of canids in the New World was in 1978, when a single infected
coyote (Canis latrans) was found in the Aransas National Wild-
life Refuge near Aransas Pass, Tex. (17). The authors specu-
lated that it was likely that H. procyonis, a parasite previously
known to be in that part of Texas, had crossed from the rac-
coon (Procyonis lotor) to the coyote (12). Shortly thereafter,
others reported finding dogs (C. familiaris) ill with hepatozoo-
nosis in the Texas Gulf Coast region (13). Parasites that ap-
peared identical to those described in dogs in India (9, 10, 30,
64) in the early 1900s were found in peripheral blood leuko-
cytes, and it was concluded that H. canis had entered the
United States (13). Workers at Texas A & M University char-
acterized the disease in dogs and pointed out certain differ-
ences with the Old World disease. These workers had limited
success in attempts to transmit the disease experimentally, and

FIG. 1. Life cycle of H. americanum. Gulf Coast ticks, the definitive host for H. americanum, ingest gamont-containing leukocytes. Sexual
reproduction occurs within the tick, followed by zygotic meiosis and sporogony, an asexual multiplicative process. Vertebrate intermediate hosts,
including dogs, ingest ticks that harbor oocysts that rupture, releasing sporocysts that in turn excyst in the presence of bile, releasing infectious
sporozoites. Sporozoites invade host cells and give rise to a second asexual multiplicative process, merogony. When meronts mature, they rupture,
releasing merozoites, which give rise to gamonts that circulate in the blood, from where ticks may ingest them. Secondary merogony is thought to
occur (see the text).
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thus their studies were done largely with naturally infected
dogs (51). Based on knowledge of the disease in dogs in Africa,
Asia, and southern Europe, where Rhipicephalus sanguineus
was known to serve as the vector, they were puzzled by their
limited success with transmission studies that involved this tick.
Among nine dogs exposed to ticks that fed on a naturally
infected dog, only two developed disease, and these were the
youngest animals exposed. Moreover, only one oocyst was
found in 120 experimentally exposed brown dog ticks dissected
(51). We now know that R. sanguineus is refractory, at least to
the H. americanum isolates studied in Oklahoma (21, 23).

Recognition and Description of H. americanum

Workers at Auburn University reported severely debilitating
hepatozoonosis in dogs from Alabama and western Georgia
(39). After diagnosing a large number of cases and recognizing
that the parasite was more pathogenic than the Old World
form, additional studies led the authors to propose a new
species, which they assigned the specific epithet “americanum,”
a decision that has been endorsed by others (3, 29, 43, 62).
Among others, a major difference between H. canis and H.
americanum that justified the definition of a new species in-
cluded failure to infect R. sanguineus with the organism.

Comparison with and Differentiation from H. canis

H. americanum gamonts are found in circulating leukocytes
of dogs, as are those of H. canis. Electron microscopy and
immunohistochemical evidence indicates that the host cell for
H. americanum during merogony and gamogony is a monocyte,
rather than a neutrophil, which is considered the favored host
cell for H. canis (16). Also, merogony of H. americanum takes
place in a host cell that is lodged primarily between individual
striated muscle fibers whereas this asexual process for H. canis
occurs in a wide variety of sites, especially in hemolymphatic
tissues and visceral organs. The meronts of H. americanum are
usually found within “onion skin” cysts that are created by
layers of mucopolysaccharide-rich material that is apparently
elaborated by the host cell (16, 19, 54). No such characteristic
lesion is associated with the H. canis meront, which is rarely
found in muscle and has its own characteristic morphologic
feature referred to as a “wheel spoke” arrangement of mero-
zoites within the meront (4).

Development in the Vertebrate Host

When dogs ingest ticks that contain mature H. americanum
oocysts, these fragile-walled structures are believed to quickly
rupture, releasing the stout-walled sporocysts. Each sporocyst
is packed with sporozoites, the infective stage for the verte-
brate intermediate host. When sporocysts are exposed to dog
bile experimentally, the sporozoites are released within min-
utes, and it is assumed, therefore, that the infective stages are
released in the canine gut distal to where the common bile duct
empties; however, the process has not been observed experi-
mentally in the canine gut. It is assumed, also, that the sporo-
zoites cross the gut wall and are carried via lymphatics or the
bloodstream to tissues throughout the body; it is not known
whether the parasite is transported extracellularly or within the

host cell in which merogony eventually occurs. A parasitized
host cell has been demonstrated to be lodged between myo-
fibers in a variety of skeletal muscles soon after experimental
exposure to infective oocysts (16, 55). In any case, the tropho-
zoite that has been identified within macrophage-like cells in
many tissues, principally striated muscle, apparently trans-
forms the host cell into a mucopolysaccharide-producing entity
that builds the structures commonly called onion skin cysts
(Fig. 2A).

The developing H. americanum organism apparently is shield-
ed from the dog’s immune system until merogony is completed
and the cystic structure is breached. The mature meronts re-
lease merozoites, which incite intense local inflammation, as-
sociated with a systemic reaction and overt illness. The local
lesions evolve to highly vascular granulomas; parasites are pres-
ent in the macrophages of granulomas, where, presumably,
gamogony commences (54). Parasites enter leukocytes, which
subsequently circulate in the bloodstream as gamonts and may
be consumed by ticks taking a blood meal. It has been postu-
lated that certain merozoites do not become gamonts but,
rather, give rise to a new merogonous cycle; however, the
phenomenon has not been demonstrated experimentally. Mer-
onts that produce micromerozoites and others that produce
macromerozoites have been described, and the fate of these
stages may differ (13, 28). With H. domerguei, a cystozoite stage
is recognized that is capable of surviving indefinitely in verte-
brate hosts; this stage retains the ability to give rise to meronts
like those that are derived from sporozoites and develop when
the cystozoite-harboring host is ingested by a susceptible ver-
tebrate host (36). Similarly, H. griseisciuri has small cystic
stages in the lungs of squirrels that may give rise to infection in
hosts that eat them (18).

Indirect evidence that some H. americanum merozoites give
rise to new merogonous generations rather than to gamonts is
provided by observations of a naturally infected dog that re-
mained infected for at least 5.5 years. Maintained without
parasiticidal therapy or opportunity for reexposure, this dog
had demonstrable muscle cysts and its blood was still infectious
for Gulf Coast ticks when testing was discontinued (24). The
possibility cannot be discounted, however, that sporozoites
taken in initially by this dog had simply lain quiescent until
giving rise to meronts months to years later, similar to the
phenomenon of delayed development seen in relapses of
some Plasmodium infections that involve the development
of hypnozoites (33). Sporozoites of H. domerguei are known
to have two distinctive routes of development, and we can-
not dismiss that possibility for H. americanum. The theory of
sporozoite polymorphorism postulated for Plasmodium vivax
(the causative agent of tertian malaria of humans) might also
account for the phenomenon observed with H. americanum
(38).

There is also some direct evidence that H. americanum has
two kinds of parasites in granulomas and in peripheral blood
leukocytes. It is suspected but not known that these structures
represent both gamonts and merozoites (16). It is also possible
that some of these structures are comparable to the polymor-
phic forms described for H. domerguei or for various Plasmo-
dium spp. (33, 36).
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Development in the Invertebrate Host

Most of the work on the development of H. americanum in
its ixodid definitive host was done with ticks that were infected
experimentally as nymphs and then studied during digestion of
the blood meal and during the molting process as they trans-
formed into adults (42). The only tick species in which devel-
opment has been studied is A. maculatum, a tropical species
commonly called the Gulf Coast tick. Nymphs that fed exper-
imentally on dogs with either natural or experimentally in-
duced ACH readily became infected. The gamonts presumably
are released from the canine leukocytes soon after the tick
ingests them, but the male and female gamonts have not been
differentiated microscopically in the tick gut lumen. However,
structures that appear to be microgametes and macrogametes,
seen about 6 days after the ticks began their blood meal, have

been observed in tissue sections of newly fed nymphs. Shortly
after that, at about 9 days, zygotes were observed within cells
of the tick’s gut wall. Like Plasmodium spp. in mosquitoes,
H. americanum appears to be diploid only briefly. What ap-
peared to be reduction division was observed at about 20 days
after exposure or approximately 2 weeks after the nymphs,
replete with blood, left the dog. Once the parasite returns to
the haploid state by zygotic meiosis, sporogony is completed
within the tick gut cells. This asexual reproductive process
gives rise eventually to oocysts packed with masses (hundreds)
of sporocysts, each containing 10 to 26 sporozoites (42). As
oocysts develop, they distort the host cell, which bulges into the
tick’s hemocoel. Some of these oocysts become dislodged and
are free in the body cavity (hemocoel); they are mechanically
released when the tick’s body is ruptured on ingestion by dogs
or other vertebrate intermediate hosts.

FIG. 2. Light photomicrographs of stages of H. americanum developing in canine skeletal muscle. (A) Onion skin cyst (O) containing a host
cell with a nucleus (arrowhead) and its large nucleolus. Notice the intracytoplasmic zoite (arrow). Cyst material is composed of irregularly
lamellated acid mucopolysaccharide produced by the infected host cell. (B) Early-stage meront with nuclear material aggregating at the margins
(arrowheads). Notice the host cell cytoplasm (arrow). (C) Meront containing well-differentiated merozoites. (D) Pyogranuloma in which macro-
phages harbor intracytoplasmic parasites (arrowheads). Bars, 50 �m (A and D) and 25 �m (B and C).
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TRANSMISSION

Role of A. maculatum

H. americanum, like other species in the genus, is apparently
more restricted in host range in hematophagous invertebrate
definitive hosts than in vertebrate intermediate hosts. Recent
work indicates that A. maculatum is an excellent host whereas
three other more common ixodids (namely, R. sanguineus, Der-
macentor variabilis, and A. americanum) that were exposed by
experimental feeding are refractory to infection (23). It ap-
pears, therefore that, in the United States at least, only the
Gulf Coast tick is commonly a vector. (Ixodes scapularis, the
only other likely candidate vector in areas where ACH is en-
demic, has not been tested.) Recent reports from South Amer-
ica suggest that A. cajennense should also be tested; dogs in
Brazil were more apt to have hepatozoonosis when this tick
was present than when R. sanguineus or other ticks were found
(52). Although it was unclear whether the parasite causing
disease in these largely rural Brazilian dogs was H. canis,
H. americanum, or another undescribed Hepatozoon spp., the
observation that parasitemia was minimal suggests that the
agent was not H. canis, which routinely produces high para-
sitemia. A. cajennense is also a tropical tick species sometimes
reported in the southern United States; it has not spread as
widely in North America as has A. maculatum. The latter was
once thought not to be endemic beyond a range of about 200
miles from the Gulf Coast, whereas it now is endemic quite far
inland, including northeastern Oklahoma and southeastern
Kansas (58, 60). In Brazil, A. cajennense ticks found on dogs
were usually larvae or nymphs; favored hosts of the adults were
equids (52).

Japanese workers (50) have found oocysts in Haemaphysalis
spp. taken from dogs with hepatozoonosis. It is unclear
whether the oocysts are those of H. canis or some other Hepa-
tozoon spp.

The apparently restricted definitive host and vector range
suggests that H. americanum, unlike disease agents transmitted
to dogs by R. sanguineus, will not spread into colder or drier
parts of the United States. In contrast, for example, canine
ehrlichiosis, caused by Ehrlichia canis, is found in all parts of
the United States, wherever the brown dog tick is found. Al-
though originally from the Old World, the brown dog tick was
introduced around 1910 and is widespread in North America,
where it survives readily in houses and kennels and feeds in all
stages almost exclusively on dogs (34). In contrast, the Gulf
Coast tick feeds on a variety of different hosts in larval,
nymphal and adult stages and is very susceptible to desiccation;
it requires high relative humidity to survive. Under natural
conditions it must also have access to an array of hosts in order
to complete its life cycle (58, 60). Most dogs with naturally
occurring ACH are of rural origin and thought to have ac-
quired infection in such a setting. This observation is another
indication that R. sanguineus is not involved in the natural
history of H. americanum.

The Nymphal to Adult versus the Larval to
Nymphal Route of Transfer

Larval Gulf Coast ticks can acquire infection with H. ameri-
canum, and nymphs developing from replete larvae that fed on

a dog with ACH have been shown to contain infective oocysts
(22). These recent observations indicate that the task of elu-
cidating the natural cycle of this disease agent will be a difficult
one because the host range of larval A. maculatum, although
not well studied, is known to include a variety of birds and
mammals (5, 58, 60). Accordingly, investigation of the cycle of
endemicity is complicated and discovery will be delayed until
thorough studies of candidate wildlife species can be com-
pleted. More extensive information than is currently available
on the feeding range of larval and nymphal Gulf Coast ticks
would facilitate such investigations. Canids that eat rodents or
other small vertebrates on which the ticks feed would easily
bite, rupture, and ingest infected nymphal ticks. There are no
data available to suggest whether dogs acquire ACH primarily
by eating ticks while grooming or by ingesting nymphal or adult
ticks as a consequence of eating or mauling animals infested
with infected Gulf Coast ticks.

CLINICAL ASPECTS

Presentation of Patients

Diseased dogs are often febrile, stiff, lethargic, and de-
pressed. Gait abnormalities and muscle wasting are usually
obvious, as is copious mucopurulent ocular discharge. Atrophy
of head muscles is especially noticeable. Dogs may eat readily
when food is placed immediately in front of them, but they
often refuse to move to food and water, presumably owing to
intense pain, which derives in part from periosteal bone pro-
liferation and inflamed muscles (15, 39, 53, 63).

Clinicopathologic Features

Persistent, generally mature neutrophilia is a consistent
feature of naturally occurring ACH (26). Leukocyte counts
greater than 200,000/�l may be seen. Serum alkaline phospha-
tase levels increase with concurrent decrease in serum protein
and albumin levels (39, 63). These clinicopathologic features
were also observed in experimentally induced disease (16).
Artifactual hypoglycemia is sometimes observed if samples are
not processed quickly, a feature resulting from metabolism of
glucose by the numerous leukocytes found consistently in dogs
with ACH (39, 63).

Radiographs reveal extensive periosteal bone proliferation.
Lesions occur more frequently and more severely on the prox-
imal bones of the limbs. Distal limb bones are usually spared
(20, 56). Flat bones are less frequently but sometimes markedly
affected. In experimentally induced disease, bone scintigraphy
and radiography reveal lesions as early as 5 weeks after dogs
ingest infected ticks or oocysts dissected from experimentally
infected ticks (16). Similar periosteal lesions have been found
in Japanese dogs with H. canis infection (48).

Necropsy

Gross lesions are generally limited. Wasting of body mass,
especially marked in temporal muscles, is often seen in dogs
with longstanding disease. Moderate enlargement of body
lymph nodes and spleen is common. Periosteal bone prolifer-
ation is obvious in most dogs, including those experimentally
exposed as recently as 6 weeks previously (16). Limb edema
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may be present in dogs that have been recumbent. Occasion-
ally dogs have peritoneal effusion associated with myocarditis
that results from merogonous stages in the heart or from pro-
tein loss owing to glomerulopathy (53, 63).

Histopathologic Features

Parasite-containing lesions can be found in many tissues, but
they are consistently found in striated muscle (including car-
diac muscle) where the parasite undergoes merogony (Fig. 2A
to C). Marked pyogranulomatous myositis occurs following
liberation of merozoites from the intracellular environment
(Fig. 2D). Adipose tissues, as well as loose connective tissues,
are less commonly affected; rarely, other organs and tissues
such as the lymph nodes, spleen, liver, and pancreas have
lesions (54, 63). In contrast, H. canis merogonous stages are
found most often in the spleen and other hemolymphatic lo-
cations, not in muscles (4).

Periosteal lesions of ACH are similar to those of hypertro-
phic osteopathy in dogs and other animals; they are essentially
identical to those of hypertrophic osteoarthropathy of humans
(56). There are no parasites intimately associated with the
bone lesions. Although the inciting factor(s) of these osteal
lesions found in dogs with ACH is not known, it is assumed
that cytokines elaborated by the animal in response to the
infection are involved; however, experimental evidence to sup-
port this assumption is lacking (16).

DIAGNOSIS

Symptoms

Dogs suffering from ACH are periodically or persistently
febrile; this is probably associated with a host reaction to mero-
zoites that are released when meronts rupture. Weakness and
muscle atrophy is obvious in most dogs, and generalized pain,
presumably resulting from myositis and from periosteal bone
proliferation, is common. Some dogs are reluctant to rise even
to seek food but will continue to eat and drink while terminally
ill. Extensive bilateral mucopurulent ocular discharge is com-
mon during febrile episodes (8, 13, 39, 53).

Search for Gamonts in Blood Films

Diagnosis of ACH by examination of blood films stained
with Romanowsky-type stains is problematic because leuko-
cytes containing H. americanum gamonts (Fig. 3) can be found
only rarely, probably with much less than 0.1% of circulating
white blood cells being affected (27, 63). Even with special
staining efforts, searching blood films is frustrating (46).
Consequently, irrespective of sample preparation, laborious
searching of blood films is largely nonproductive as a means of
diagnosing ACH. This is decidedly different from confirmatory
diagnosis of H. canis infection. Because parasitemia is usually
marked in H. canis infection, diagnosis of that infection is read-
ily confirmed by examination of blood smears; with some ex-
ceptions (35) when low levels have been reported, rates of para-
sitemia in H. canis infections are commonly 1 to 5%, and up to
70% parasitemia is sometimes seen in the numerous periph-
eral blood neutrophils that usually circulate in dogs with the
disease (1, 2). ACH can confidently be predicted in dogs that

have profound neutrophilia and periosteal bone lesions con-
currently, even in the absence of demonstrable parasites in
leukocytes.

Muscle Biopsy

Confirmatory diagnosis of ACH is achieved by biopsy of
skeletal muscle (8, 14, 55). Often there are surprisingly numer-
ous merogonous stages of H. americanum in a wide range of
muscles. (No such cysts are found in dogs with H. canis infec-
tions.) Site selection for biopsy is largely a matter of personal
preference and is related to surgical procedure rather than to
the abundance of parasites in any given muscle (55). Although
routine hematoxylin-eosin stains are adequate, a highly effec-
tive immunohistochemical procedure utilizing rabbit antibody
to sporozoites of H. americanum as the primary reagent is avail-
able (57).

Serology

Although not widely available to date, an indirect enzyme-
linked immunosorbent assay has been developed (44). The
antigen for the test involves H. americanum sporozoites de-
rived from experimentally infected ticks. The fragile oocysts
are ruptured mechanically to release sporocysts. These stout-
walled sporocysts are induced to excyst (“hatch”) by exposure
to dog bile. Large numbers of sporocysts are easily recoverable,
but to date the sporozoite preparations have not been success-
fully cleared of residual tick tissues that adhere to oocyst walls
and thus contaminate the antigen. This contamination neces-
sitates the adsorption of any sera to be tested because tick
exposure is so common among dogs in areas where ACH is
endemic. Although other reagents would probably be satisfac-
tory for adsorption, those used to date were from tick gut tis-
sue collected from uninfected laboratory-reared A. maculatum
(44).

FIG. 3. H. americanum gamont (arrowheads) within a peripheral
blood leukocyte. Bar, 10 �m.
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TREATMENT

Nursing Care

Dogs with ACH may experience intense pain and become
reluctant to move. Therefore, efforts must be made to ensure
that affected animals remain hydrated and that food is readily
accessible. Supportive care is important. Pain control has been
achieved with nonsteroidal anti-inflammatory drugs (15, 63). It
is likely that some dogs with ACH that is never diagnosed
recover as a result of good care by owners.

Therapeutic Approach

A treatment protocol has been developed that is effective in
alleviating overt disease. It involves a combination of trimeth-
oprim-sulfadiazine, clindamycin, and pyrimethamine adminis-
tered daily for 14 days. This regimen is followed by decoqui-
nate, an effective anticoccidial drug, for years. Unfortunately, if
the protocol is not strictly adhered to, relapse is likely to occur
within weeks to months after decoquinate treatment is discon-
tinued (40). Decoquinate is a quinolone anticoccidial that is
effective against intracellular stages of certain apicomplexan
parasites, and relapses are known to occur if treatment with
the drug is suspended (37). For example, chickens that harbor
inhibited coccidian sporozoites will develop coccidiosis when
the drug is no longer administered. Presumably, a similar event
occurs with H. americnum infections, but the phenomenon has
not been studied to determine which stage(s) in the life cycle is
affected. Imidocarb is used extensively for treating H. canis
infections, but its effectiveness for treating ACH has been
questioned (40).

CURRENT ISSUES

Epidemiology

The natural cycle of H. americanum is not known. It is
known, however, that dogs acquire infection by ingesting either
nymphal or adult A. maculatum ticks that harbor sporozoite-
containing oocysts (21, 22, 41). Determining how the ticks
become infected under natural conditions is an important un-
dertaking. These ixodids are easily infected under experimen-
tal conditions by simply allowing larval or nymphal ticks to feed
on a carrier dog. A. maculatum is a three-host tick and, ac-
cordingly, must feed to repletion as a larva, as a nymph, and as
an adult (58). Determining the source of infection for ticks
under natural conditions will require study of the natural hosts
of the ticks. Dogs are not among the favored hosts, although
larvae, nymphs, and adults all feed to repletion on this host
under experimental conditions. The problem of discovering
the endemic cycle of H. americanum is complicated by the
somewhat incomplete state of knowledge of host preferences
of the Gulf Coast tick, especially the larval stage.

Persistence of the parasite in dogs. In the absence of knowl-
edge of the natural cycle, we are presently restricted to drawing
inferences from the behavior of H. americanum in the dog. A
naturally infected dog kept under conditions that excluded
reexposure was monitored for 5.5 years. This dog had been
moribund when first diagnosed but was successfully nursed
back to health with pain control and supportive therapy con-

sisting of little more than good nutrition and comfortable hous-
ing. Aspirin was the only drug used. Gulf Coast ticks were
allowed to feed at approximately 6-month intervals; each time
they acquired infection (24). Significantly perhaps, the dog was
asymptomatic for ACH for the last 5 years of observation.
Throughout much of the time, however, the dog had mild
neutrophilia, and merogonous stages of H. americanum were
demonstrable by muscle biopsy in 13 of 15 specimens over the
5.5-year span (24).

Coyotes are known to harbor a parasite that is similar if not
identical to H. americanum, but information is not available
about the persistence of the organism in that canid. Given that
approximately 50% of “healthy” coyotes captured in Okla-
homa have lesions nearly identical to those of ACH, we infer
that infections persist in this host for extended periods. Coy-
otes have been infected experimentally with H. americanum by
feeding them with oocysts derived from ticks that fed to reple-
tion on dogs harboring the parasite (31, 32). Although natu-
rally infected coyotes are numerous in Oklahoma, no attempt
has been made to assess the survival time of H. americanum in
these animals.

Persistence of the parasite in ticks. Little work has been
done to determine longevity of Gulf Coast ticks experimentally
infected with H. americanum, but we have held infected adult
ticks in humidity chambers for a year or more following expo-
sure as nymphs. We have not conducted experiments to deter-
mine whether the infection status affects longevity, but anec-
dotal evidence suggests that heavily infected ticks start to die
before one would expect, based on survival of unfed adult A.
maculatum ticks reared in the laboratory (unpublished data).

There are no reports of observations of naturally infected
ticks recovered in the wild. In the southern United States, where
ACH has been studied, A. maculatum produces one generation
per year. In this temperate zone, larval stages feed mainly in
summer and nymphs feed principally in autumn. Overwinter-
ing appears to be done mostly by unfed adults, although
nymphs have been found feeding in Oklahoma in late winter,
indicating that unfed nymphs can also overwinter (5, 58).

Irrespective of the tick biology, in view of the extended
survival of H. americanum in the vertebrate host, it seems
unlikely that long-term survival in its definitive host or vector is
a major factor in maintaining the parasite in its region of
endemicity. It is not known whether larval or nymphal ticks are
more important in acquiring infection in the natural cycle, nor
is it known which tick stage is more often a source of infection
for dogs. Experimentally, both larval and nymphal stages con-
sistently acquire infection even though very few gamont-in-
fected circulating leukocytes are demonstrable when the ticks
are feeding (21, 22, 41, 42). Careful study is required to deter-
mine the endemic host range, and only then will the source of
infection for ticks, later ingested by dogs, become clear.

Role of wild vertebrate hosts. In the 1970s, Hepatozoon spp.
were studied in a wide range of wild carnivores in Kruger
National Park in South Africa (45), where it was found to be
most pathogenic in jackals (Canis mesomelas) and apparently
relatively harmless in hyenas (Hyaena crocuta) and large felids
(lions, leopards, and cheetahs). It appeared that the parasite in
these wild carnivores was most probably H. canis, with the only
demonstrable difference being slight variations in the meronts
found in these wild species compared with those found in the
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dog. Some 20 years later, others studying the decline of the
wild-dog (Lycaon pictus) population in Kruger National Park
found that Hepatozoon (thought to be H. canis) infection was
very prevalent, but its role in the decline of the wild dogs was
unclear (61). Although no similar systematic study of carni-
vores has been undertaken in areas where ACH is endemic, a
survey of carnivores in south Texas (47) revealed Hepatozoon
spp. in coyotes, bobcats (Lynx rufus), and ocelots (Felis parda-
lis), all without evidence of disease (47).

It is tempting to speculate that coyotes are the major or only
important vertebrate host of H. americanum. Coyotes harbor a
parasite (17, 31) that is similar, if not identical, to H. america-
num, and this wild canid has been successfully infected exper-
imentally with H. americanum of dog origin (32). Furthermore,
coyotes have been found to harbor immature as well as adult
A. maculatum ticks under natural conditions (5, 58). Neverthe-
less, these facts alone do not justify the conclusion that coyotes
and Gulf Coast ticks constitute the definitive and intermediate
endemic hosts for H. americanum. Coyotes, like dogs, groom
ticks from their coats and could become infected by ingesting
infected ticks or simply the oocysts themselves that might be
released when the ticks are damaged by the animal’s teeth.
Grooming behavior is not necessarily the most common or
efficient means of acquiring infection, however. Canids are
predatory and eat a wide variety of small vertebrates, including
both birds and mammals. Such prey animals no doubt often
carry Gulf Coast ticks, some of which may be infected with
H. americanum. Determining which vertebrate host(s) is re-
sponsible for infecting the ticks is an important challenge.

Two hosts, raccoons and squirrels, which are very prevalent
in areas where ACH is endemic, are known to harbor H. pro-
cyonis and H. grieisciuri, respectively. It should be relatively
easy to determine through molecular techniques whether these
species are closely related or identical to H. americanum. At
present, it is assumed that all three species are valid, each
having a distinct endemic cycle, but the matter has not been
explored experimentally. The suggestion that H. americanum
recently passed the species barrier (4) to enter dogs could be
given substance by comparing Hepatozoon isolates from rac-
coons, squirrels, coyotes, and rodents with the parasite recov-
ered from dogs with naturally occurring ACH.

We have only a scant basis for speculating about the en-
demic cycle of H. americanum. If opportunity were available to
undertake such an investigation, we would suggest looking at
rodents as the primary vertebrate intermediate host that alter-
nates with the Gulf Coast tick definitive host in maintaining
H. americanum in the natural world. This opinion derives in
part from knowledge that rodents are especially favored hosts
(59) for Hepatozoon spp. More concretely, the information
known about A. maculatum host preferences also suggests that
rodents, especially cotton rats (Sigmodon hispidus), should be
studied as possible hosts for H. americanum. A recent study (5)
revealed that about 35% of cotton rats (134 of 384) captured in
an area where ACH is endemic had larval Gulf Coast ticks on
them and almost 19% (71 of 384) harbored nymphs. Given that
canids commonly eat cotton rats, this rodent might profitably
be studied as a potential host for H. americanum and source of
ticks infected with this apicomplexan. Such a study of rodents
might well be done in parallel with investigations of other wild
mammals such as raccoons and squirrels, which are known to

carry Hepatozoon spp. Raccoons may be of especial interest
because muscle lesions associated with H. procyonis infections
in this host are very similar to those seen in dogs with ACH.

Vertical Transmission

Transplacental transfer of Hepatozoon canis in Japanese
dogs has been reported (49). H. griseisciuri, a parasite of the
squirrel (S. carolinensis), is reported to be transmitted trans-
placentally (11). There are no recent studies of H. americanum
designed to determine whether transmission to dogs is possible
by means other than ingestion of sporulated oocysts. Attempts
to transmit what was probably H. americanum in the early
1980s by feeding tissues from naturally infected dogs in Texas
to susceptible dogs or by injecting similar material were un-
successful, and the results were inconclusive (51). Young pups
have in Texas been found to have naturally occurring hepato-
zoonosis (51). The observations of H. canis in dogs in Japan
and of naturally infected young pups in Texas suggest that
transplacental transfer of H. americanum might occur in dogs,
but this phenomenon has not been demonstrated experimen-
tally. We have seen pups as young as 11 weeks old with natu-
rally occurring ACH (unpublished data).

Confirmation of the Serologic Approach to Diagnosis

Studies are in progress to validate further the value of the
enzyme-linked immunosorbent assay that was developed re-
cently (44). It appears to be both sensitive and specific and
could be used as an aid to determine the extent to which the
range of ACH is expanding. With adaptations to screen sera
from rodents and other potential wild vertebrate hosts, it might
be very helpful in recognizing which hosts to focus on in an
effort to clarify the endemic cycle of H. americanum.

Confirmation of the Therapeutic Approach

Observations by workers at Auburn University suggest that
the therapeutic protocol developed there is effective in mark-
edly reducing the severity of ACH in naturally infected dogs.
The regimen appears not to be effective in clearing dogs of
infection (40). Our observation that carefully nursed dogs can
self-cure (24) of disease manifestations with nothing more than
aspirin for pain control while remaining infectious for ticks
suggests that more work is needed to address therapy. It must
be said, however, that infected dogs probably represent a min-
imal risk to other dogs because immature A. maculatum ticks
do not favor dogs as hosts. Thus, Gulf Coast ticks probably are
rarely infected under natural conditions by feeding on dogs.
Moreover, not only do infected dogs probably not represent a
threat to other dogs, but also they are unlikely to contribute
effectively to maintenance of the endemic cycle of H. ameri-
canum. In other words, dogs are probably more or less acci-
dentally inserted into an endemic cycle that would continue
without their involvement. Unfortunately for dogs and their
owners, this chance exposure commonly results in severe dis-
ease and sometimes in death.

VOL. 16, 2003 AMERICAN CANINE HEPATOZOONOSIS 695



Animal Models of Disease

Two phenomena that are consistently observed in dogs with
ACH may be worthy of study for reasons related to the health
of humans and other animals and to general biological princi-
ples. Disseminated periosteal bone proliferation has been
found consistently in canids (32, 56) experimentally infected
with H. americanum. Discovery of inciting factors could prove
useful in studies of hypertrophic osteoarthropathy in humans.
Likewise, determining the agent responsible for the highly vas-
cular nature of granulomas that are consistently seen in dogs
(55) with ACH might prove useful in studies of angiogenesis.
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